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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a secondary battery having a negative electrode made of a hydrogen storing alloy 
and also to a method of manufacturing such a secondary battery. More particularly, the present invention relates to an 
alkaline secondary battery adapted to prevent oxidation/degradation of the hydrogen storing alloy of the negative elec- 
trode from occurring in a charging condition where oxygen gas can be generated from the positive electrode in order 
to consequently improve the cycle service life and prevent any possible reduction in the capacity of the battery that 
can appear as a result of prolonged overcharging. It also relates to a method of manufacturing such an improved battery 

Related Background Art 

[0002] In recent years, research efforts have been paid than ever for realizing improved secondary batteries from 
the viewpoint of environmental protection and meeting the demand for secondary batteries to be used for proliferated 
portable equipment. As for the issue of environmental protection, attempts have been made to eliminate the emission 
of carbon dioxide gas from automobiles running on fossil fuel by using electromobiles. The use of secondary batteries 
have also been considered for the load leveling purpose from the view point of effectively utilizing electric power. 
Requirements to be met by secondary batteries to be used for such applications include a large capacity, lightness, a 
long cycle service life and low cost. On the other hand, secondary batteries to be used for portable equipment are 
especially required to have a large capacity and be compact and lightweight. 

Nickel/hydrate secondary batteries and lithium secondary batteries have been made commercially available as they 
can meet the above requirements. As a matter of fact, massive R&D efforts are currently being paid on such secondary 
batteries. 

[0003] The idea of producing nickel/hydrate secondary batteries using a negative electrode made of a hydrogen 
storing alloy is based on the use of LaNi 5 . However, the use of LaNi 5 is accompanied by a number of problems including 
the tendency of generating hydrogen in the charging stage due to a high equilibrium pressure of hydrogen occlusion, 
that of reducing the electroconductivity as LaNi 5 expands and becomes finely powdery in the charging stage and that 
of corroding to make La react with alkali and produce La(OH) 3 . These problems made the nickel/hydrate secondary 
battery using LaNi 5 commercially not feasible in the early days of development. 

[0004] Later on, a method for replacing part of La or part of Ni with some other element, while maintaining the crystal 
form (AB 5 structure) of LaNi 5 was invented. For example, it is now possible to suppress the expansion of the alloy that 
can take place during the charging operation and reduce the cost of such a secondary battery by replacing part or all 
of La with Mm (misch metal: roughly refined lanthanoid such as La, Ce, Pr or Nd). It is also possible to reduce the 
equilibrium pressure of hydrogen occlusion by replacing part of Ni with Al and improve the corrosion resistance by 
partly replacing with Co. Again, it is possible to suppress the tendency of the alloy of becoming finely powdery by partly 
replacing with Mn. In fact, negative electrodes using a hydrogen storing alloy have been made commercially feasible 
by an appropriately combined use of such replacement elements. 

[0005] Meanwhile, it has been found that hydrogen storing alloys such as ZrMn 2 (AB2 structure), TiNi (AB structure), 
Mg 2 Ni (AgB structure) having a crystal form other than that of the ABg structure can also be used for the negative 
electrode of an alkaline secondary battery and R&D efforts have also been paid in this field of technology. As a matter 
of fact, such hydrogen storing alloys are found to occlude more hydrogen than alloys with the AB5 structure and hence 
more promising when used as negative electrode. Additionally, one or more than one of the metals of such hydrogen 
storing alloys can be replaced in a manner as described above by referring to metals having the AB5 structure if they 
are used for the negative electrode. For example, Zr may be partly replaced by Ti and Mn may be partly replaced by 
Ni, Co, Cr, Al or Fe for the purpose of preparing a commercially feasible negative electrode. 

[0006] However, if compared with conventional nickel-cadmium secondary batteries, nickel/hydrate secondary bat- 
teries have a drawback that the hydrogen storing alloy of the negative electrode is apt to be oxidized when the nickel 
electrode generates oxygen under an overcharged state. More specifically, the hydrogen storing alloy is highly apt to 
be oxidized to reduce the capacity of the battery when the charge/discharge cycle is repeated or when a long charging 
process continues. 

[0007] In an attempt to eliminate this drawback, 

particularly for hydrogen storing alloys of the AB 5 type, Japanese Patent Application Laid-Open No. 5-1 35763 proposes 
a method of rapidly cooling a hydrogen storing alloy with a particular composition. Another attempt is just to specifically 
define the composition. 

[0008] Known proposed methods for improving the performance of a hydrogen storing alloy that may or may not 
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show the AB 5 structure include those described below. 

[0009] Firstly, Japanese Patent Applications Laid-Open Nos. 8-250099 and 9-45331 disclose the use of a water- 
repelling layer on the surface of the negative electrode or of the separator at the side of the negative electrode to 
improve the oxygen gas absorbing performance and prevent oxidation/degradation of the hydrogen storing alloy. An 
oxygen gas absorbing reaction takes place on the surface of the hydrogen storing alloy as oxygen chemically reacts 
with hydrogen occluded in the hydrogen storing alloy and as oxygen is electro-chemically reduced to produce hydroxy 
ions on the surface. It is said that electro-chemical reduction also occurs on the surface of nickel that operates as 
collector of electricity. An oxygen gas absorbing reaction is observed particularly on the interface of the three layers 
of hydrogen storing alloy, alkaline electrolyte and oxygen gas and the use of a water-repelling layer is believed to 
increase the area of the interface. Thus, while the use of a water repelling layer is highly effective for reducing the 
internal pressure of the battery, it causes the hydrogen storing alloy to directly contact oxygen gas to consequently 
oxidize/degrade the alloy. This technique may be effective when a particular composition showing the AB 5 structure 
is used. 

[0010] Secondly, Japanese Patent Application Laid-Open No. 8-13868 discloses a method of adding zinc oxide or 
magnesium oxide to the hydrogen storing alloy of the battery and Japanese Patent Application Laid-Open No. 5-41 21 0 
discloses a method of adding an oxide or hydroxide of copper or bismuth to the negative electrode made of hydrogen 
storing alloy. With either of these methods, oxygen gas is consumed by the catalytic effect of the added oxide or 
hydroxide. The hydrogen storing alloy of the battery may not be degraded by oxygen with either of these methods 
because oxygen is not caused to directly contact the hydrogen storing alloy. However, oxygen gas would not be ab- 
sorbed completely and satisfactorily through the catalytic effect of the added oxide or hydroxide so that consequently 
the internal pressure of the battery will rise considerably. 

[0011] Thirdly, Japanese Patent Application Laid-Open No. 8-31416 discloses a method of forming a nonelectrolytic 
nickel plating layer around the hydrogen storing alloy and Japanese Patent Application Laid-Open No. 6-163072 dis- 
closes a method of cobalt plating layer on the surface of the hydrogen storing alloy. With either of these methods, an 
oxygen gas absorbing reaction takes place on the surface of the cobalt layer or the nickel layer, whichever appropriate, 
so that the hydrogen storing alloy may be hardly degraded and oxygen gas may be absorbed relatively quickly. While 
these methods are more advantageous than the above listed methods as they do not give rise to any significant flaws 
in the initial stages of assembling batteries, the hydrogen storing alloy is broken to small pieces as the charge/discharge 
cycle is repeated to produce additional surfaces, which will then gradually oxidized/degraded. 
[0012] Finally, there has been proposed a method of suppressing generation of oxygen gas from the positive elec- 
trode to keep the negative electrode of the hydrogen storing alloy free from excessive load by controlling the charging 
process. However, in the case of an alkaline secondary battery, the proposed method reveals a drawback that a suf- 
ficient battery capacity cannot be provided unless the battery is electrically charged to such a potential range that gives 
rise to generation of oxygen gas from the positive electrode. Therefore, the proposed method can kill the remarkable 
advantage of a high capacity of a nickel/hydrate secondary battery. 

[0013] Thus, the hydrogen storing alloy can become oxidized in an accelerated fashion to reduce the capacity of the 
battery after repeating the charge/discharge cycle or as a result of overcharging. 

SUMMARY OF THE INVENTION 

[0014] Therefore, it is a first object of the present invention to provide an alkaline secondary battery comprising a 
negative electrode made of a hydrogen storing alloy with its surface covered with a compound containing at least 
carbonic acid. 

[0015] A second object of the present invention is to provide a method of manufacturing an alkaline secondary battery 
having a negative electrode made of a hydrogen storing alloy with its surface coated with a compound containing at 
least carbonic acid, a positive electrode, a separator and an electrolyte contained in a battery case, said method being 
characterized by comprising a step of adding a carbonate compound to at least any of the negative electrode, the 
positive electrode, the separator and the electrolyte. 

[001 6] Another object of the present invention is to provide an alkaline secondary battery characterized by filling the 
battery case with a carbonate compound without adding it to any of the positive electrode, the negative electrode, the 
separator and the electrolyte. 

[0017] According to the invention, there is provided an alkaline secondary battery that can effectively suppress the 
progress of the reaction of the hydrogen storing alloy and oxygen gas and remarkably withstand overcharging and an 
increased number of charge/discharge cycles by coating the surface of the hydrogen storing alloy by a compound 
containing at least a carbonate. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a schematic cross sectional view of one of the negative electrode of an alkaline secondary battery 
according to the invention. 

s [0019] Fig. 2 is a schematic cross sectional view of a nickel/hydrate secondary battery according to the invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] In view of the above identified problems of known alkaline secondary batteries, the inventors of the present 
10 invention came to find as a result of research efforts that the property of withstanding overcharging of an alkaline 
secondary battery is improved by adding a carbonate to the inside of the battery 

[0021] For the purpose of the invention, the surface of the hydrogen storing alloy operating as the negative electrode 
of an alkaline secondary battery is preferably coated with a carbonate-containing compound. This effect is particularly 
remarkable when a hydrogen storing alloy having a structure other than the ABg structure is used because, as pointed 
1$ out above, the hydrogen storing alloy of a battery having the AB 5 structure can be made to withstand overcharging to 
a considerable extent by appropriately selecting its composition. 

[0022] For the purpose of the invention, a hydrogen storing alloy having the AB2 type crystal structure, the AB type 
crystal structure or the P^B type crystal structure is preferably used. Hydrogen storing alloys having the AB2 type 
structure that can be used for the purpose of the invention include ZrMn 2 and 
20 Zr 0 3 Ti 0 yMno sN^ 3 V 0 2 . Those having the AB structure include TiNi, TiNi 0 s V 0 ^Mn 03 and those having the A2B struc- 
ture include Mg 2 Ni, Mg A .6 A 'o.4 N 'o.a Mn o.2- 

[0023] For an alkaline secondary battery according to the invention, the surface of the hydrogen storing alloy does 
not have to be covered with a carbonate-containing compound in advance when preparing the hydrogen storing alloy 
but may be covered with a carbonate-containing compound after assembling the battery to bring forth its effect. Methods 

2s that can be used for covering the hydrogen storing alloy include adding carbonate of an alkali metal or an alkaline earth 
metal to the active material of the negative electrode when preparing the battery, adding such carbonate to the active 
material of the positive electrode, impregnating the separator with such carbonate and dissolving such carbonate in 
the electrolyte. Then, ions of the carbonate in the electrolyte react with the hydrogen storing alloy to form a layer of a 
carbonate-containing compound on the surface of the alloy. 

30 [0024] Alkali metals and alkaline earth metals that can be used in the form of carbonate for the purpose of the 
invention include lithium, sodium, potassium, 

magnesium, calcium and barium. The particle size of the granular carbonate is preferably between 0.1 and 5 u/n. The 
weight ratio of the carbonate relative to the hydrogen storing alloy is between 0.05 and 3wt%, preferably between 0.2 
and 1 .5wt%, in terms of carbonic acid in the carbonate. The effect of the additive will not be satisfactory if the ratio is 

35 lower than the above defined range, whereas carbonic acid ions in the electrolyte will adversely affect the diffusion of 
hydroxide ions to reduce the high discharging rate of the battery if the ratio is higher than the above range. 
[0025] Preferably, the concentration of the electrolyte of an alkaline secondary battery according to the invention is 
higher than the ordinary level. The concentration of potassium hydroxide is preferably between 34 and 40wt%. The 
use of lithium hydroxide or sodium hydroxide as additive will also be effective because such an additive can substantially . 

40 compensate the reduction in the hydroxy ion concentration of the electrolyte due to the addition of carbonate. 

[0026] Not only nickel hydroxide but also manganese hydroxide may be used as principal ingredient of the positive 
electrode of an alkaline secondary battery according to the invention. 

[0027] The carbonic acid-containing compound on the surface of the hydrogen storing alloy specifically contains 
C0 3 . More specifically, it can be expressed by formula M 1 (C0 3 ) x «M 2 (OH) y (where each of M 1 and M 2 represents one 

4S or more than one component elements of the hydrogen storing alloy and x and y respectively represent numbers 
between 0.1 and 4). While it is not clear how the layer of such a compound gives rise to the above identified effect, 
the effect is particularly remarkable when such a layer is formed on the surface of a hydrogen storing alloy containing 
any of the elements of Zr, Ti, Ni, Mn, V, Cr, Fe, Co and Al that show the ABg type crystal structure. The compound 
reacts with part or all of such elements contained in the alloy to produce carbonates of the elements that are not in a 

so simple form but in the form of basic carbonates containing not only carbonic acid ions but also water and potassium 
ions composing the electrolyte. Additionally, there are certain metals, each producing at least oxide or hydroxide. 
[0028] Therefore, in an experiment, a sample of hydrogen storing alloy having the composition of 
Zr 0 3 TiQ yMnQ^N^ 3 V 0 2 to which an aqueous solution of potassium carbonate had been added and that of hydrogen 
storing alloy having the same composition to which the aqueous solution had not been added were stored in respective 

55 aqueous solutions of potassium hydroxide and subsequently the samples of hydrogen storing alloy were washed with 
water and dried. Then, the surface of each of the samples of hydrogen storing alloy was observed for analysis by X- 
ray photoelectron spectroscopy. As for the sample to which potassium carbonate had been added, the chemical shift 
observed through the X-ray photoelectron spectroscope suggested the existence of carbonic acid in the sample. On 
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the other hand, the sample to which potassium carbonate had not been added revealed no peaks. The existence of 
potassium, manganese and vanadium was confirmed regardless if an aqueous solution of potassium carbonate had 
been added or not. On the basis of peak shifts, the atoms of those elements presumably had been bound with hydroxyl 
groups and oxygen atoms when observed through the X-ray photoelectron spectroscope. Only small peaks were de- 

s tected for zirconium, titanium and nickel respectively. In a gas chromatography analysis, specimens of the above two 
types of alloy were immersed in a 0. 1 N aqueous solution of sulfuric acid and the generated gas was analyzed to detect 
a peak for carbon dioxide from the specimen of alloy to which potassium carbonate had been added. 
[0029] It is not conceivable that the layer of the carbonic acid-containing compound formed on the surface directly 
reacts with the hydrogen storing alloy to produce metal carbonates and presumably one or more than one metals that 

to are apt to be dissolved into an alkaline aqueous solution or oxidized are eluted to produce basic carbonates of the 
metals. It is presumable that the basic carbonates of the metals are crystals with a relatively high density and permeable 
to hydrogen but not to oxygen. 

[0030] Therefore, the rate of permeance of hydrogen gas and oxygen gas through the above hydrogen storing alloy 
was simulatively determined. A specimen of the hydrogen storing alloy having the above composition was immersed 

is jn a 30wt% aqueous solution of potassium hydroxide and heated to dissolve the manganese and the vanadium con- 
tained in it. Then, an aqueous solution of potassium carbonate was added to the above solution to produce basic 
carbonates of manganese and vanadium. The product was then formed into a 1 mm thick tablet and a 1 :1 mixture of 
oxygen gas and hydrogen gas was made to flow there through from a side (inlet side) and the composition of the gas 
coming out from the outlet was analyzed by gas chromatography to find that the hydrogen content was 99%. 

20 [0031] Thus, the surface produces basic carbonates of the metals of the alloy that are apt to become hydroxides 
and/or oxides thereof and the produced carbonates are hardly soluble and dense and hence prevent the alloy from 
being oxidized further On the other hand, the metals that are not apt to be oxidized are scarcely affected by oxygen gas. 
[0032] If no carbonates exist, the metals of the hydrogen storing alloy produce their hydroxides in the electrolyte that 
is an aqueous alkaline solution such as an aqueous solution of potassium hydroxide or sodium hydroxide. If the metals 

25 are oxidized to produce metal oxides, they presumably react with the electrolyte to produce metal hydroxides. Such 
hydroxides are mostly soluble in an aqueous alkaline solution and hence the surface of the metals of the hydrogen 
storing alloy that can easily be eluted cannot be protected by such hydroxides for a long time. Of course, the metals 
of the hydrogen storing alloy that can scarcely be eluted or oxidized will practically not be affected. 
[0033] Now, an embodiment of the invention will be described by referring to Fig. 1 . 

30 [0034] Fig. 1 is a schematic cross sectional view of one of the negative electrode of an alkaline secondary battery 
according to the invention. While collector 101 takes the form of a piece of punched metal in this embodiment, it may 
alternatively be a foamed metal, a felt-like metal, an expanded metal or a sheet metal. The collector 101 is typically 
made of nickel or nickel-plated iron, although other conductive metals that are alkali aqueous solution-resistant and 
electrochemically stable such as copper, stainless steel and titanium may also be used for the purpose of the invention. 

35 The surface of the hydrogen storing alloy 102 is coated with basic carbonates 103 of the metals that are contained in 
the hydrogen storing alloy and are apt to be eluted by an alkaline aqueous solution or oxidized. A polymeric binder 
agent 104 is used to bind the hydrogen storing alloy 102 itself and the hydrogen storing alloy 102 and the collector 
102. The polymeric binder agent may be of a cellulose type or may be made of polyvinyl alcohol, a modified compound 
of polyvinyl alcohol, vinyl acetate, polytetrafluoroethylene or some other similar substance. Additionally, carbon or 

40 nickel may be added to the negative electrode to improve the conductivity of the negative electrode. 
[0035] Now, the method of preparing the negative electrode will be described. 

[0036] For the negative electrode, the hydrogen storing alloy is crushed to particles of about 200 mesh or less and 
the powdered hydrogen storing alloy and the polymeric binder solution are mixed and kneaded well into paste or slurry. 
Then, the paste or slurry is applied to the punching metal by means of a doctor blade and dried. The drying temperature 
45 should be such that it does not give rise to decomposition of the binder and/or oxidation of the hydrogen storing alloy 
and will be about 200°C or less. After the drying, the work is pressed to produce a negative electrode in order to make 
the surface smooth and dense. The above process may be used when the collector is a foamed metal, a felt-like metal, 
an expanded metal or a sheet metal. 

[0037] If the binder is made of polytetrafluoroethylene or the like that becomes fibrous to abruptly raise its viscosity, 
so jt is preferably applied by means of a roll. 

[0038] While at least either carbonate of an alkali metal or that of an alkaline earth metal is added to the negative 
electrode of a secondary battery according to the invention, it may simply be added to the paste or slurry at the time 
of mixing and kneading so that the process is simple and easy. The particle size of the carbonate of the alkali metal 
or the alkaline earth metal is preferably between 0.1 and 5 u/n so that particles of the carbonate may enter the inter- 
ns granular gaps of the hydrogen storing alloy and fill the gaps effectively without adversely affecting the operation of 
applying the paste or slurry to the collector. 

[0039] The negative electrode may be prepared without using a binder agent. Then, a technique of making fine 
particles of the hydrogen storing alloy adhere to the collector under pressure and sintering them in a nitrogen or hy- 
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drogen atmosphere will be used. Again, this technique may be used when the collector is a foamed metal, a felHike 
metal, an expanded metal or a sheet metal. If such is the case and the carbonate is added to the particles of the 
hydrogen storing alloy, however, the carbonate will be decomposed to produce carbon dioxide gas during the sintering 
process and become ineffective. 

[0040] The positive electrode of a secondary battery according to the invention may be of the so-called sinter type 
or of the paste type. A sinter type positive electrode is prepared by mixing and kneading powdery carbonyl nickel and 
a cellulose type aqueous binder solution and applying the obtained mixture by means of a doctor blade to the collector, 
which may be in the form of a punched metal. Then, the applied mixture is dried to produce a porous nickel sinter, 
which is then immersed into an aqueous solution of nickel salt such as nickel nitrate or nickel sulfate to fill the pores 
of the sinter with the nickel salt. Subsequently, the nickel sinter is immersed into an alkaline aqueous solution such as 
potassium hydroxide or sodium hydroxide to turn the nickel salt in the pores into nickel hydroxide, which is rigidly held 
in the pores, before washing and drying the nickel sinter to produce a finished positive electrode. 
[0041] On the other hand, a paste type positive electrode is prepared by using a collector in the form of a foamed 
metal or a felt-like metal and filling the pores of the collector with nickel hydroxide. For filling the pores with nickel 
hydroxide, the latter is mixed and kneaded with a binder agent into paste or slurry, which is then applied to the collector 
by means of a doctor blade or a roll and dried. A cobalt compound or some other compound that can improve the 
performance of the battery may be added to the paste or slurry. The carbonate of an alkali metal or that of an alkaline 
earth metal may be added at this stage of operation to satisfactorily realized the intended effect. The particle size of 
the granular carbonate is preferably between 0. 1 and 5 u.m so that particles of the carbonate may fill the gaps effectively 
without adversely affecting the operation of applying the paste or slurry to the collector. 

[0042] The separator of a secondary battery according to the invention plays the role of preventing short-circuiting 
of the positive and negative electrodes. It may also play the role of holding the electrolyte. The separator have to allow 
hydronium ions and hydroxy ions to move in them and insoluble to the electrolyte. Therefore, a sheet of unwoven fabric 
of yarned short fibers of nylon, polypropylene or polyethylene may suitably be used for the separator. 
[0043] For the purpose of the invention, a carbonate compound may be added to the separator by impregnating the 
separator with an aqueous solution of the carbonate compound and then drying the solution or it may be added to the 
short fibers that are being yarned before preparing the sheet of unwoven fabric. 

[0044] The electrolyte of a secondary battery according to the invention contains an aqueous solution of potassium 
hydroxide as principal ingredient, to which sodium or lithium is added to a small extent. The electrolyte is contained in 
the separator, the positive electrode and the negative electrode. Particularly, when the carbonate compound is added 
to a high concentration, the content of the aqueous solution of potassium hydroxide in the electrolyte shall be raised. 
[0045] The carbonate compound may be added to the electrolyte when dissolving potassium hydroxide into water 
for the purpose of the invention. Alternatively, an intended electrolyte may be obtained by causing the electrolyte to 
absorb carbon dioxide gas. 

[0046] For the purpose of the invention, the carbonate may be produced by heating the paste type negative electrode 
in an electrochemical process, a chemical process or a combination of such processes. 

[0047] For the purpose of the invention, the temperature to be used for causing the elements of the hydrogen storing 
alloy to react with carbonic ions of the added carbonate efficiently is preferably between 40 and 65° C. Then, the effect 
of the reaction will be remarkable particularly in a charged state. 

(Profile and Structure of the Battery) 

[0048] A secondary battery according to the invention may show a flat, cylindrical, box-like or sheet-like profile. The 
battery may be of the monolayer type, the multilayer type or the spiral type. A spiral type cylindrical battery can be 
prepared by winding the negative and positive electrodes into a roll with a separator sandwiched therebetween to 
produce a large surface area for each of the electrodes. A secondary battery having such electrodes can allow a large 
current to flow for charging and discharging. A box-like or sheet-like battery can, on the other hand, effectively utilize 
the internal space for containing the battery of the equipment to be driven by the battery. 

[0049] Now, the profile and the structure of a secondary battery according to the invention will be discussed in greater 
detail by referring to Fig. 2. Fig. 2 is a schematic cross sectional view of a spiral type cylindrical secondary battery 
according to the invention and comprising a negative electrode, a positive electrode, an electrolyte/separator, a battery 
housing and output terminals. 

[0050] Referring to Fig. 2, there are shown a negative electrode 203, a positive electrode 206, a negative electrode 
terminal (negative electrode cap or negative electrode can) 208, a positive electrode terminal (positive electrode can 
or positive electrode cap) 209, an electrolyte/separator 207, a gasket 21 0, a negative electrode collector 201 , a positive 
electrode collector 204, an insulator plate 211 , a negative electrode lead 21 2, a positive electrode lead 21 3 and a safety 
valve 214. 

[0051] More specifically, in a spiral type cylindrical secondary battery as shown in Fig. 2, a positive electrode 206 
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having a positive electrode active material layer 205 formed on a positive electrode collector 204 and the negative 
electrode 203 having a negative electrode active material layer 202 formed on a negative electrode collector 201 are 
oppositely arranged with a separator 207 impregnated at least with an electrolyte inserted therebetween and wound 
to show a cylindrical multilayer structure having a plurality of windings. Then, the cylindrical multilayer structure is 
contained in a negative electrode can 208 operating as negative electrode terminal. A positive electrode cap 209 is 
provided at the open side of the negative electrode can 208 to operate as positive electrode terminal and a gasket 210 
is arranged in another area in the negative electrode can. The cylindrical multilayer structure of the electrodes is sep- 
arated from the positive electrode cap by means of an insulator plate 211 . The positive electrode 206 is connected to 
the positive electrode cap 209 by way of a positive electrode lead 213. The negative electrode 203 is connected to the 
negative electrode can 208 by way of a negative electrode lead 212. A safety valve 214 is arranged at the side of the 
positive electrode cap to regulate the internal pressure of the battery. 

[0052] Now, a method of assembling such a battery as shown in Fig. 2 will be described below. (1) The separator 
207 is sandwiched between the negative electrode and the positive electrode 206, which are then wound and put into 
the negative electrode can 208. (2) After pouring the electrolyte, the positive electrode cap 209 and the gasket 210 
are assembled. (3) The assembly of (2) is caulked to produce a complete battery. 

[0053] For the purpose of the invention, the gasket 21 0 is made of resin selected from fluorine resin, polyamide resin, 
polysulfone resin and polypropylene resin. The battery may be sealed by caulking the assembly as described above 
by referring to Fig. 2 or, alternatively, by using a sealed glass tube or an adhesive agent, by welding or by soldering. 
[0054] The insulator plate 211 of Fig. 2 is typically made of an organic resin material or a ceramic material. 
[0055] For the purpose of the invention, both the negative electrode can 208 and the positive electrode can 209 are 
preferably made of stainless steel. 

Particularly, the use of a titanium-clad stainless steel plate, a copper-clad stainless steel plate or a nickel-plated steel 
plate is preferable, if the negative electrode can 208 is not operating as battery case, the latter may be made of a 
material selected from stainless steel, metals such as zinc, plastics such as polypropylene and composite materials 
such as that of metal and glass fiber or plastic. 

[0056] A battery according to the invention is provided with a safety valve 214 as safety measure that becomes 
effective when the internal pressure of the battery rises. The safety valve may be made of rubber, a spring, a metal 
ball or a burst foil. 

[0057] Now, the present invention will be described further in greater detail by referring non-limitatively to examples. 
Example 1 

[0058] An AA-size (1 40>X50) nickel/hydrate secondary battery having a cross sectbnal view as shown in Fig. 2 was 
prepared. Firstly, the negative electrode of the battery will be described. 
35 [0059] A hydrogen storing alloy having a composition of LaN^ (AB 5 type) was prepared by means of an arc melting 
furnace. The prepared hydrogen storing alloy was crushed to particles of 400 to 200 mesh and used as active material. 
[0060] Then, a 40 weight portions of 2wt% aqueous solution of methylcellulose and a 2 weight portions of potassium 
carbonate were added to a 100 weight portions of the powdery hydrogen storing alloy and the mixture was kneaded 
into a pasty state. The pasty mixture was then applied to a piece of punched metal obtained by plating a piece of iron 
40 with nickel by means of a doctor blade and subsequently dried at 150°C. 

Thereafter, the piece of punched metal was pressed in order to smooth the surface and compress the paste before it 
was cut to predetermined dimensions for the negative electrode. 

[0061] Meanwhile, a 10 weight portions of cobalt oxide and a 40 weight portions of 2wt% aqueous solution of meth- 
ylcellulose were added to a 1 00 weight portions of commercially available nickel hydroxide and the mixture was kneaded 

4S jnto a pasty state. The pasty mixture was then applied to a piece of foamed nickel with a porosity of 94% to fill the 
pores and subsequently dried at 120°C. Thereafter, the piece of foamed nickel was pressed and cut to predetermined 
dimensions for the positive electrode. A terminal section was prepared on the positive electrode by pressing the piece 
of foamed nickel at an area thereof in advance so that the pressed area may not be filled with the slurry of nickel 
hydroxide and then bonding a nickel terminal to that area by means of resistance welding. 

so [0062] The hydroxide was prepared by adding lithium hydroxide (hydrate) by 1 wt% to an 30wt% aqueous solution 
of potassium hydroxide. 

[0063] The separator was made of a 0.1 5mm thick piece of unwoven fabric of polypropylene. 
[0064] The battery was assembled by winding the positive and negative electrodes with the separator sandwiched 
therebetween. The battery case was made of nickel-plated iron. The closure was also made of nickel-plated iron and 
55 provided with a safety valve. Fluorine resin was used for packing the case. 

[0065] The nickel/hydrate secondary battery was activated by repeating twice a cycle of charging it at 0.1 Cm A for 
15 hours and discharging it at 0.2CmA until a final voltage of 1 .0V was reached. 

[0066] The battery (after the charge/discharge cycles) was disassembled and the negative electrode was washed 
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with water and dried in vacuum before analyzing the surface of the particles of the negative electrode. They were 
subjected to X-ray photoelectron spectroscopy from the viewpoint of carbon (C1s), oxygen (01s), metal elements 
(Ni2p2/3, Lad5/2). Peaks attributable to carbon were found at 286eV and 289eV, of which the peak at 286eV should 
be that of methylcellulose whereas the peak at 289eV should be that of a metal carbonate. A broad peak attributable 
5 to oxygen was found at and near 531 eV p which was believed to be attributable to carbonic acid as well as to oxides 
and hydroxides. A peak that seemed to be attributable to a metal was found at 835eV and it was confirmed that the 
metal was La. As viewed in combination with the effect of carbon, it was believed that there was at least a substance 
produced as La was chemically bound with carbon. No peak attributable to Ni was found. 

[0067] The su rface of the particles was observed as they were subjected to Ar etching to find that the peak attributable 
10 to carbon was no longer detectable when the etching got to a depth of about 0. 1 5jom. On the basis of this fact, it may 

be safe to presume that there was an about 0.15|im thick layer where a carbonate and cellulose coexisted. 

[0068] Then, the hydroxylic group on the surface of the particles was analyzed by means of FT-IR, using a KBr 

technique. As a result, a peak which was not that of methylcellulose was detected and it was found that a stretching 

vibration of OH was responsible to it 
15 [0069] In order to quantify carbonic acid and OH, the specimen was subjected to a temperature-raising thermal 

analysis, where the temperature was raised at a rate of 5°C/min in a nitrogen atmosphere. As a result, a weight loss 

due to decomposition was observed from about 100°C to about 400°C. Independently, 

methylcellulose was subjected to a thermal analysis and the weight loss of the sample was corrected by using the 
result of the thermal analysis of methylcellulose to quantify CO a and OH. As a result, CO a and OH were found to be 
20 equal to 1 .2 and 1 .5 respectively. 

Example 2 

[0070] A hydrogen storing alloy having a composition of MmN^ 5 Co 0 8 Mn 0 4 AI 03 (AB 5 type) was prepared in an arc 
melting furnace. A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy 
and activated. 

[0071] The surface of the particles of the negative electrode was analyzed as in Example 1. The particles were 
subjected to X-ray photoelectron spectroscopy from the viewpoint of metal elements including Ni, La, Co, Mn and Al. 
Peaks attributable to carbon and oxygen were substantially same as those of Example 1, although they showed a 
slight shift. Of the peaks attributable to metals, Mn was the largest owner, followed by Al and La. As viewed in combi- 
nation with the effect of carbon, it was believed that there was at least a substance produced as Mn was chemically 
bound with carbon. No peak attributable to Ni or Co was found. 

[0072] The surface of the particles was observed as they were subjected to Ar etching to find that the peak attributable 
to carbon was no longer detectable when the etching got to a depth of about 0.1|im. On the basis of this fact, it may 
be safe to presume that there was an about 0.1 ^im thick layer where a carbonate and cellulose coexisted. 
[0073] Then, the hydroxylic group on the surface of the particles was analyzed by means of FT-IR, using a KBr 
technique. As a result, a peak which was not that of methylcellulose was detected and it was found that a stretching 
vibration of OH was responsible to it. 

[0074] In order to quantify carbonic acid and OH, the specimen was subjected to a temperature-raising thermal 
analysis, where the temperature was raised at a rate of 5°C/min in a nitrogen atmosphere. As a result, a weight loss 
due to decomposition was observed from about 100°C to about 400°C. Independently, 

methylcellulose was subjected to a thermal analysis and the weight loss of the sample was corrected by using the 
result of the thermal analysis of methylcellulose to quantify CO s and OH. As a result, CO a and OH were found to be 
equal to 0.9 and 1 .8 respectively. 

Example 3 

[0075] A hydrogen storing alloy having a composition of ZrMn 2 (AB2 type) was prepared in an arc melting furnace. 

A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy and activated. 
so 

Example 4 

[0076] A hydrogen storing alloy having a composition of Zr 0 3 Tio 7 Mn 0 ^N^ 3 V 0j2 (AB 2 type) was prepared in an arc 
melting furnace. A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy 
ss and activated. 

[0077] The surface of the particles of the negative electrode was analyzed as in Example 1 . The particles were 
subjected to X-ray photoelectron spectroscopy from the viewpoint of metal elements including Zr, Ti, Ni, Mn and V. 
Peaks attributable to carbon and oxygen were substantially same as those of Example 1, although they showed a 
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slight shift. Of the peaks attributable to metals, V was the largest owner, followed by Mn and Ti. As viewed in combination 
with the effect of carbon, it was believed that there was at least a substance produced as V was chemically bound with 
carbon. No peak attributable to Zr or Ni was found. 

[0078] The surface of the particles was observed as they were subjected to Ar etching to find that the peak attributable 
to carbon was no longer detectable when the etching got to a depth of about 0. 1 9um On the basis of this fact, it may 
be safe to presume that there was an about 0.1 9|im thick layer where a carbonate and cellulose coexisted. 
[0079] Then, the hydroxylic group on the surface of the particles was analyzed by means of FT-IR, using a KBr 
technique. As a result, a peak which was not that of methylcellulose was detected and it was found that a stretching 
vibration of OH was responsible to it. 

[0080] In order to quantify carbonic acid and OH, the specimen was subjected to a temperature -raising thermal 
analysis, where the temperature was raised at a rate of 5°C/min in a nitrogen atmosphere. As a result, a weight loss 
due to decomposition was observed from about 100°C to about 400°C. Independently, 

methylcellulose was subjected to a thermal analysis and the weight loss of the sample was corrected by using the 
result of the thermal analysis of methylcellulose to quantify C0 3 and OH. As a result, C0 3 and OH were found to be 
equal to 1 .9 and 0.7 respectively. 

Example 5 

[0081] A hydrogen storing alloy having a composition of TiNi (AB type) was prepared in an arc melting furnace. A 
nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy and activated. 

Example 6 

[0082] A hydrogen storing alloy having a composition of TiNi 0 5 V 0 2 Mn 0 3 (AB type) was prepared in an arc melting 
furnace. A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy and 
activated. 

Example 7 

[0083] A hydrogen storing alloy having a composition of Mg^Ni (AgB type) was prepared in an arc melting furnace. 
A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy and activated. 

Example 8 

[0084] Potassium carbonate of Example 1 was replaced by lithium carbonate in order to examine the dependency 
on the type of carbonate. A hydrogen storing alloy having a composition of Zr 0 3 Ti 0 7 Mn 0 5 Ni 1 3 V 0 2 was prepared in an 
arc melting furnace. Otherwise, the process of Example 1 was followed. 

Example 9 

[0085] Potassium carbonate of Example 1 was replaced by sodium carbonate in order to examine the dependency 
on the type of carbonate. A hydrogen storing alloy having a composition of Zr 0 3 Ti 0 >7 Mn 0 S H\^ 3 V 0 2 was prepared in an 
arc melting furnace. Otherwise, the process of Example 1 was followed. 

Example 10 

[0086] Potassium carbonate of Example 1 was replaced by magnesium carbonate in order to examine the depend- 
ency on the type of carbonate. A hydrogen storing alloy having a composition of Zr 0 3 Ti 0 7 Mn 0 5 Ni 1 3 V 0 2 was prepared 
in an arc melting furnace. Otherwise, the process of Example 1 was followed. 

Example 11 

[0087] Potassium carbonate of Example 1 was replaced by calcium carbonate in order to examine the dependency 
on the type of carbonate. A hydrogen storing alloy having a composition of Zr 0 3 Ti 0 7 Mn 0 S K\^ 3 V 0 2 was prepared in an 
arc melting furnace. Otherwise, the process of Example 1 was followed. 
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Example 12 

[0088] To add potassium carbonate to the positive electrode, nickel hydroxide and cobalt oxide were added simul- 
taneously with it and kneaded in an aqueous solution of methylcellulose. The quantity ot the additive was so selected 
that the performance of the battery was same as it was added to the negative electrode. A hydrogen storing alloy 
having a composition of Zr 0 3 Ti 0 7 Mn 0 . 5 Ni 1 3 V 0 2 was prepared in an arc melting furnace. A battery was prepared as in 
Example 1 except that no potassium carbonate was added to the negative electrode. Otherwise, the process of Example 
1 was followed in terms of the conditions of preparing and activating the battery. 

Example 1 3 

[0089] A nylon separator was dipped into a 5wt% aqueous solution of potassium carbonate and dried at 60°C before 
it was placed in position. A hydrogen storing alloy having a composition of Zr 0 3 Ti 0 7 Mn 0 5 Ni-, . 3 V 0 2 was prepared in an 
arc melting furnace. A battery was prepared as in Example 1 except that no potassium carbonate was added to the 
negative electrode. 

Otherwise, the process of Example 1 was followed in terms of the conditions of preparing and activating the battery. 
Example 14 

[0090] Potassium carbonate was dissolved into the electrolyte, which was an aqueous solution containing potassium 
hydroxide by 30wt% and lithium hydroxide by 1 .0wt%, by an amount corresponding to the amount added to the negative 
electrode. A hydrogen storing alloy having a composition of Zr 03 Ti 0 7 Mn 0 5 Ni 1 3 V Q2 was prepared in an arc melting 
furnace. A battery was prepared as in Example 1 except that no potassium carbonate was added to the negative 
electrode. Otherwise, the process of Example 1 was followed in terms of the conditions of preparing and activating the 
battery. 

Example 15 

[0091] Sample batteries were prepared, using different potassium hydroxide concentrations of 34wt% (battery A), 
37wt% (battery B), 40wt% (battery C) and 43wt% (battery D) for the respective electrolytes, to each of which lithium 
hydroxide was added by lwt%. A hydrogen storing alloy having a composition of 

Zr o.3 Tj o.7 Mn o.5 Ni i.3 v o.2 was prepared in an arc melting furnace. Otherwise, the process of Example 1 was followed in 
terms of the conditions of preparing and activating the battery. 

Comparative Example 1 

[0092] A hydrogen storing alloy having a composition of LaNi 5 (AB 5 type) was prepared in an arc melting furnace. 
A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy, to which, how- 
ever, no potassium carbonate was added, and activated. 

Comparative Example 2 

[0093] A hydrogen storing alloy having a composition of MmNis 5 Co 0 8 Mn 0 4 AI 0 3 (AB 6 type) was prepared in an arc 
melting furnace. A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy, 
to which, however no potassium carbonate was added, and activated. 

Comparative Example 3 

[0094] A hydrogen storing alloy having a composition of ZrMn 2 (AB2 type) was prepared in an arc melting furnace. 
A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy, to which, however 
no potassium carbonate was added, and activated. 

Comparative Example 4 

[0095] A hydrogen storing alloy having a composition of Zr 0 3 Tio 7 Mn 0 S N\, 3 V 0 . 2 (AB 2 type) was prepared in an arc 
melting furnace. A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy, 
to which, however no potassium carbonate was added, and activated. 
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Comparative Example 5 

[0096] A hydrogen storing alloy having a composition of TiNi (AB type) was prepared in an arc melting furnace. A 
nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy, to which, however 
no potassium carbonate was added, and activated. 

Comparative Example 6 

[0097] A hydrogen storing alloy having a composition of TiNi 0 5 V 0 2 Mn 0 3 (AB type) was prepared in an arc melting 
furnace. A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy, to 
which, however no potassium carbonate was added, and activated. 

Comparative Example 7 

[0098] A hydrogen storing alloy having a composition of fv^Ni (AgB type) was prepared in an arc melting furnace. 
A nickel/hydrate secondary battery was prepared as in Example 1 by using the hydrogen storing alloy, to which, how- 
ever, no potassium carbonate was added, and activated. 

[0099] Then, each of the above batteries was subjected to an overcharging and charge/discharge cycles under the 
following conditions to evaluate the performance. Particularly, the batteries of the examples and those of the compar- 
ative examples were compared for performance. 

[0100] For overcharging, each of the charged batteries was charged at 0.1 CmA continuously for 30 days and dis- 
charged at 0.2mA until the final voltage of 1 .0V. Thereafter, it was charged at 0.1 CmA and discharged at 0.2CmA to 
see the battery capacity. The discharge capacity was compared with the battery capacity at the second cycle of charge/ 
discharge after activation. 

[01 01] As for the charge/discharge cycle life, -AV=5mV was selected for charging at 1 CmA in the -AV charging mode, 
whereas a final voltage of 1 V was selected for discharging at 1 CmA. 

[01 02] Table 1 below lists the battery capacity (ratio to the activation capacity) after overcharging and the number of 
cycles before the fall to 60% of the initial capacity for each of the different hydrogen storing alloys used in the above 
examples and comparative examples. 
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[0103] From Table 1 above, It will be seen that the capacity fall of a battery containing the additive of potassium 
carbonate is relatively small after overcharging for 30 days at 0. 1 CmA. Particularly, a battery using a hydrogen storing 
alloy of the AB 2 , AB or A 2 B type shows a capacity fall smaller than that of a hydrogen storing alloy of the AB 5 type. 
Additionally, the number of charge/discharge cycles before the end of the service life is longer for a battery containing 
the additive of potassium carbonate than for a battery without potassium carbonate. While the battery of the ABg type 
of Comparative Example 2 showed a long service life, although it does not contain the additive of potassium carbonate, 
it was obtained by regulating the composition of the alloy. The composition nevertheless proved the effect of adding 
potassium carbonate. The nickel/hydrate secondary batteries of the above examples that contained the additive of 
potassium carbonate showed a reduced capacity fall after overcharging and a prolonged cycle life if compared with 
their counterparts of the comparative examples that did not contain any additive of potassium carbonate. 
[0104] Table 2 below shows the nickel/hydrate secondary batteries of the examples to which lithium carbonate, so- 
dium carbonate, magnesium carbonate and calcium carbonate were added respectively. 



Table 2 



Battery No. 


Carbonate 


Capacity After Over-charging (%) 


Number of Cycles in Service Life 


Example 8 


Lithium Carbonate 


94 


1050 


Example 9 


Sodium Carbonate 


97 


1200 


Example 1 0 


Potassium Carbonate 


97 


1250 


Example 1 1 


Calcium Carbonate 


97 


1320 



[0105] From Table 2 above, it will be seen that all the added carbonates clearly provided a positive effect on over- 
charging and the cycle life with slight differences in the level of effect. 

[0106] Table 3 below shows the effect of different ways of adding a carbonate. It will be seen that the additive of a 
carbonate was positively effective for overcharging and the cycle life with slight differences in the level of effect de- 
pending on the way in which it was added. 



Table 3 



Battery No. 


Spot of Adding Carbonate (%) 


Capacity After Over-charging 
(%) 


Number of Cycles in Service Life 


Example 12 


Positive Electrode 


96 


1200 


Example 1 3 


Separator 


97 


1300 


Example 14 


Electrolyte 


97 


1220 



[0107] Table 4 below shows the effect of the concentration of the electrolyte. The battery capacity was increased as 
the concentration of the electrolyte rose. While the concentration practically did not show any effect on overcharging, 
it had a significant effect on the cycle life. The cycle life of the battery was adversely affected as the concentration 
exceeded the normal 30wt%. This negative effect was particularly remarkable when the concentration was 43wt%. 



Table 4 



Battery No. 


Potassium Hydroxide 
Concentration (%) 


Battery Capacity (%) 


Capacity After Over- 
charging (%) 


Number of Cycles in 
Service Life 


Example 4 


30 


100 


97 


1250 


Example 15A 


34 


105 


96 


1250 


Example 15B 


37 


108 


97 


1200 


Example 15C 


40 


108 


97 


1180 


Example 15D 


43 


110 


96 


980 



Claims 

1. An alkaline secondary battery comprising a negative electrode made of a hydrogen storing alloy with its surface 
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covered with a compound containing at least carbonic acid. 

2. An alkaline secondary battery according to claim 1 , wherein the carbonic acid-containing compound is expressed 
by formula M 1 (C0 3 ) x -M 2 (OH) y , where each ot M 1 and M 2 represents one or more than one component elements 
ot the hydrogen storing alloy and x and y respectively represent numbers between 0.1 and 4. 

3. An alkaline secondary battery according to claim 1 , wherein the crystal structure of the hydrogen storing alloy is 
of the AB2 type, the AB type or the A2B type. 

4. An alkaline secondary battery according to claim 1 , wherein the size of the particles of the hydrogen storipg alloy 
is 200 mesh or less. 

5. An alkaline secondary battery according to claim 1 , wherein the carbonic acid-containing compound contains the 
component elements of the hydrogen storing alloy. 

6. An alkaline secondary battery according to claim 1 , wherein the hydrogen storing alloy contains at least Mn, V, Cr, 
Al, Co, Ti, Zr and Fe. 

7. An alkaline secondary battery according to claim 1 , wherein at least either the carbonic acid-containing compound 
or oxides and hydroxides of the component elements of the hydrogen storing alloy exist as a surface layer of the 
hydrogen storing alloy. 

8. An alkaline secondary battery according to claim 7, wherein the surface layer formed by at least either the carbonic 
acid-containing compound or oxides and hydroxides of the component elements of the hydrogen storing alloy has 
a thickness between 0.05 and 2^im. 

9. An alkaline secondary battery according to claim 1 , wherein at least either the carbonic acid-containing compound 
or oxides and hydroxides of the component elements of the hydrogen storing alloy coexist with a water soluble 
binder agent. 

10. An alkaline secondary battery according toclaim 1 , wherein at least either the carbonic acid-containing compound 
or oxides and hydroxides of the component elements of the hydrogen storing alloy coexist with a water-repellent 
binder agent. 

11. A method of manufacturing an alkaline secondary battery according to claim 9 or 10, comprising a step of thermally, 
electrochemically or chemically decomposing part of the binder agent into the carbonic acid-containing compound. 

12. An alkaline secondary battery according to claim 1 , wherein the negative electrode made of the hydrogen storing 
alloy is prepared by sintering. 

13. An alkaline secondary battery according to claim 1, wherein the positive electrode is made of nickel hydroxide or 
manganese hydroxide. 

14. A method of manufacturing an alkaline secondary battery having a negative electrode made of a hydrogen storing 
alloy with its surface coated with a compound containing at least carbonic acid, a positive electrode, a separator 
and an electrolyte contained in a battery case, said method comprising a step of adding a carbonate compound 
to at least any of the negative electrode, the positive electrode, the separator and the electrolyte. 

15. A method of manufacturing an alkaline secondary battery according to claim 14, comprising a step of dissolving 
carbon dioxide gas into the electrolyte. 

16. A method of manufacturing an alkaline secondary battery according to claim 14, wherein at least a carbonate 
compound of either an alkali metal or an alkaline earth metal is used for the carbonate compound. 

17. A method of manufacturing an alkaline secondary battery according toclaim 16, wherein the alkali metal is lithium, 
sodium or potassium and the alkaline earth metal is magnesium, calcium or barium. 

18. A method of manufacturing an alkaline secondary battery according to claim 14, wherein the electrolyte is made 
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of a material containing potassium hydroxide by 34 to 40% as principal ingredient. 

1 9. A method of manufacturing an alkaline secondary battery according to claim 1 4, wherein the carbonate compound 
is added so as to make the carbonic acid in the carbonate compound take a 0.05 to 3wt% of the hydrogen storing 
alloy in the battery. 

20. A method of manufacturing an alkaline secondary battery according to claim 14, wherein the carbonate compound 
is added by mixing the carbonate compound with a powdery hydrogen storing alloy, an elecroconductive agent 
and a binder agent to be used for the negative electrode into paste and applying the paste to the collector or filling 
the gaps of the collector with the paste so as to use the structure obtained by applying the paste to the collector 
or filling the gas of the collector as the negative electrode. 

21 . A method of manufacturing an alkaline secondary battery according to claim 14, wherein the carbonate compound 
is added by mixing the carbonate compound with powdery nickel hydroxide, a cobalt compound, an electroductive 
agent and a binder solution into paste and applying the paste to the collector or filling the gaps of the collector with 
the paste so as to use the structure obtained by applying the paste to the collector or filling the gas of the collector 
as the positive electrode. 

22. A method of manufacturing an alkaline secondary battery according to claim 20, wherein the electroconductive 
agent is either powdery carbon or powdery carbonyl nickel. 

23. A method of manufacturing an alkaline secondary battery according to claim 14, further comprising a step of adding 
at least one or more than one of lithium hydroxide (hydrate), sodium hydroxide, magnesium hydroxide, calcium 
hydroxide and barium hydroxide to the electrolyte. 

24. A method of manufacturing an alkaline secondary battery according to claim 23, wherein the hydroxide is added 
by0.3to3wt%. 

25. A method of manufacturing an alkaline secondary battery according to claim 14, wherein the carbonate compound 
is added by firstly adding the carbonate compound to a solution containing dispersed short fibers and yarning the 
short fibers to produce a separator. 

26. A method of manufacturing an alkaline secondary battery according to any of claims 20 through 25, wherein the 
added carbonate compound is powdery with an average particle size between 0.1 and 5um 

27. A method of manufacturing an alkaline secondary battery according to claim 20, wherein the size of the particles 
of the hydrogen storing alloy is 200 mesh or less. 

28. A method of manufacturing an alkaline secondary battery according to claim 1 4, further comprising a step of heating 
the battery at 40 to 65°C after assembling the battery. 

29. A method of manufacturing an alkaline secondary battery, wherein the carbonate compound is filled into the battery 
case independently without adding it to the positive electrode, the negative electrode, the separator or the elec- 
trolyte. 
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FIG. 1 
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FIG. 2 
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